Summary Increased fibre intake has been shown to reduce serum oestrogen concentrations. We hypothesized that fibre exerts this effect by decreasing the time available for reabsorption of oestrogens in the colon. We tested this in volunteers by measuring changes in serum oestrogen levels in response to manipulation of intestinal transit times with senna and loperamide, then comparing the results with changes caused by wheat bran. Forty healthy premenopausal volunteers were placed at random into one of three groups. The first group took senna for two menstrual cycles then, after a washout period, took wheat bran, again for two menstrual cycles. The second group did the reverse. The third group took loperamide for two menstrual cycles. At the beginning and end of each intervention a 4-day dietary record was kept and whole-gut transit time was measured; stools were taken for measurement of pH and j-glucuronidase activity and blood for measurement of oestrone and oestradiol and their non-protein-bound fractions and of oestrone sulphate. Senna and loperamide caused the intended alterations in intestinal transit, whereas on wheat bran supplements there was a trend towards faster transit. Serum oestrone sulphate fell with wheat bran (mean intake 19.8 g day-') and with senna; total-and non-protein-bound oestrone fell with senna. No significant changes in serum oestrogens were seen with loperamide. No significant changes were seen in faecal 3-glucuronidase activity. Stool pH changed only with senna, in which case it fell. In conclusion, speeding up intestinal transit can lower serum oestrogen concentrations.
There is substantial experimental, epidemiological and clinical evidence that breast cancer risk is influenced by endogenous hormones.
Breast cancer is less common in rural Third World communities than in developed countries (Lea, 1966; Drasar and Irving, 1973;  Armstrong and Doll, 1975; Miller, 1977) and becomes more common on migration from low-to high-risk areas, even within one generation (Staszewski and Haenszel, 1965; Buell, 1973) , implying that environmental factors are important. Case-control studies have shown low fibre intake, with or without high fat intake, to be associated with increased risk of breast cancer (Katsouyanni et al, 1986; Lubin et al, 1986; Howe et al, 1990; Zaridze et al, 1991) . How such diets exert this influence has not been established, but one possibility is by an effect on oestrogen metabolism.
A high-fibre diet (Feng et al, 1993) , or addition of wheat bran to the diet of healthy women (Rose et al, 1991) , has been reported to reduce serum oestrogen levels. In rats given bran there was an increase in stool oestrogen (Neale, 1983) . Vegetarians have higher faecal excretion and lower urinary excretion of oestrogens than omnivores (Armstrong et al, 1981; Goldin et al, 1982; Gorbach and Goldin, 1987) . Plasma oestrogens have been found to be lower in vegetarians than omnivores in some (Shultz and Leklem, 1983) but not all studies (Goldin et al, 1982) .
Oestrogens excreted in the bile undergo enterohepatic recirculation. Deconjugation is believed to occur in the distal small bowel and especially the colon, where bacteria containing J-glucuronidase abound. Reduction in the bacterial flora with antibiotics increases faecal excretion of both conjugated and unconjugated oestrogens and reduces urinary and serum oestro- gens (Willman and Pulkkinen, 1971 ; Martin et al, 1975 ; Adlercreutz et al, 1977) . These observations emphasize the role of the colon in the enterohepatic circulation of oestrogens.
We hypothesized that transit time is a rate-limiting factor in oestrogen absorption from the colon, so that changes in colonic transit rate affect the proportion of oestrogen that is deconjugated and/or absorbed. Most forms of dietary fibre are laxative and speed up colonic transit (Cummings, 1993) . If faster colonic transit does indeed lead to a reduction in oestrogen absorption, this could explain how wheat bran or a high-fibre diet reduces serum oestrogens. A laxative might also act indirectly by reducing the absorption of short-chain fatty acids [produced by fermentation of unabsorbed starch and other carbohydrates, including non-starch polysaccharide (NSP)] and so acidifying the colon. As glucuronides are less well absorbed than unconjugated oestrogens, acidifying the colon and thus inhibiting 3-glucuronidase activity (Kim et al, 1992) should decrease reabsorption. Previous work has shown a decrease in faecal f-glucuronidase activity with an increase in dietary fibre (Goldin and Gorbach, 1976; Goldin et al, 1982; Reddy et al, 1989) and in vegetarians compared with omnivores (Goldin et al, 1982) .
The primary aims of this study were to find out whether the reported reduction in serum oestrogens caused by wheat bran ingestion could be confirmed and whether it could be emulated by a chemical laxative, senna; and, conversely, whether an increase in (Figure 1 ). Group A (ten women), took senna (Senokot, Reckitt & Coleman) for two menstrual cycles and, after a two-menstrual-cycle rest, took raw wheat bran (American Association of Cereal Chemists) for a further two cycles. Group B (ten women) took wheat bran, then senna, the reverse of group A. These interventions aimed to reduce bowel transit time as much as possible without causing discomfort. Group C (20 women) took loperamide (Imodium, Janssen Pharmaceuticals) for two cycles to increase bowel transit time as much as acceptable. The subjects' compliance with the wheat bran and tablets was assessed by weighing the returned wheat bran or counting the tablets at the end of the study. Subjects recorded times of defecation and the 'form' of each stool on a seven-point scale (O'Donnell et al, 1990; Probert et al, 1993) , ranging from the discrete lumps of slow transit (type 1) to the non-cohesive (type 6) and liquid stools (type 7) of rapid transit. The amounts of wheat bran (taken in portions through the day), senna and loperamide (both taken at night) were adjusted by the subject to achieve a change in stool form in the desired direction.
Venous blood was taken before 09.00 h after an overnight fast on day 6 of each subject's menstrual cycle. Serum was stored at -70°C until analysed.
Interventions were commenced after initial assessment of diet, whole-gut transit time, serum oestrogen concentrations, stool pH and stool ,-glucuronidase activity. The supplements were continued until the same data had been collected at the end of the experimental phases comprising two complete menstrual cycles ( Figure 1 (Paul and Southgate, 1978) and on published values for NSP (Englyst et al, 1988; Englyst et al, 1989) .
Before and at the end of each intervention period whole-gut transit time (WGTT) was measured using swallowed radiopaque marker pellets and radiographing stools using a standard methodology (Lewis et al, 1996) .
On passing their stools into a container, volunteers immediately put them in a fridge. Within 12 h of passing, the stools were weighed and the second stool was liquidized, tested for pH, then frozen at -20°C for subsequent measurement of 0-glucuronidase activity. (Whittaker et al, 1992) .
The serum albumin concentration was determined using reagents supplied by Boehringer Mannheim on a Hitachi 747 automated analysis system.
The concentrations of non-protein-bound oestrone and nonprotein-bound 17f-oestradiol in each sample were calculated (Speight et al, 1979 ) using the measured values for oestradiol, oestrone, SHBG and albumin.
Stool analysis
Stool pH was measured after homogenization with a Jenway PHM 6 BDH Gelplas combination pH electrode probe. Stool ,-glucuronidase activity was determined from the rate of hydrolysis of p-nitrophenol-oi-D-glucuronide (Mallet et al, 1985) . The serum concentrations of total and non-protein-bound oestradiol failed to change with any of the interventions (Table 2) . However oestrone, both total and non-protein bound fractions, fell in those taking senna. Decreases in the concentrations of oestrone sulphate were seen with wheat bran as well as senna (Table 3) . No changes in the oestrogens were observed in volunteers taking loperamide (Tables 2 and 3) . No changes were seen in SHBG and albumin concentrations during any intervention (Table 2) . There was no significant difference between dietary intakes, specifically total fibre, NSP, or fat, at the start, middle and end of each interventional period. The mean baseline intake for the three groups was 16.3 g day-' (s.d. 4.3) for fibre and 11.1 g day-' (s.d. 2.8) for NSP. No volunteers reported a change in their diet. Volunteers taking wheat bran consumed a mean of 19.8 g day-'
(s.d. 7.1), providing 9.1 g day-1 of dietary fibre (Southgate, 1977) and 8.1 g day-' of NSP.
DISCUSSION
The subjects in this study can be considered sufficiently representative. Their baseline dietary intake of fibre and its fractions was greater than that reported for American adults (Anderson et al, 1989) , but similar to that of English women [21.5 g day-' (Emmett et al, 1993 ) and 18.6 g day-' (Gregory et al, 1990) ].
Their median whole-gut transit time (64 h) was very similar to that (62 h) of a large group of healthy premenopausal women (Probert et al, 1995) and their baseline stool outputs were in the range of values (100-200 g day-') reported for UK women (Wyman et al, 1978; Cummings et al, 1992) . The intended changes in bowel function occurred with all three supplements, although the transit time change just escaped significance with wheat bran.
Women of reproductive age were studied because epidemiological evidence links increased exposure to oestrone and oestradiol to their subsequent development of breast cancer. Moreover, their oestrogen concentrations are higher than after the menopause, permitting more precise measurement and therefore enhanced detection of changes in response to treatment. If our hypothesis that intestinal transit speed is a determinant of serum oestrogen concentration is correct, then this influence will occur in both preand post-menopausal women. Samples for assay were collected early in the follicular phase of the ovarian cycle. Alternative sampling times such as at mid-cycle or in mid-luteal phase can only be identified reliably in individuals after subsequent menstruation. Use of such times would have required many more samples to ensure the exact location of the peak levels. The major finding of this study is that in subjects taking senna serum concentrations of oestrone and oestrone sulphate fell and on wheat bran there was a decreased concentration of oestrone sulphate. These findings support our hypothesis that faster intestinal transit decreases the absorption of oestrogens thereby reducing the exposure of the body tissues to oestrogens. It is likely that the effect of senna is mediated via the colon as this laxative has little or no effect on small bowel transit (Marcus and Heaton, 1986) . The observation that the slower WGTT brought about by loperamide did not result in higher serum oestrogen concentrations may imply that reabsorption is already maximal in British women under normal conditions. The apparent lack of effect of bran on WGTT may be misleading. In 7 of the 18 volunteers there was no decrease in WGTT and hence a non-significant result for the group as a whole. Such variability in the response to bran has been reported before (Eastwood et al., 1973) . A laxative dose may not be achieved if bran causes bloating or excess flatus.
The present findings may be compared with those of Rose et al (1991) , who doubled the daily fibre intake (from 15 to 30 g day')
of 62 women by administration of additional wheat, oats or corn bran for two menstrual cycles. Consumption of wheat bran, but not oats or corn, decreased the serum concentrations of oestradiol and oestrone in the early luteal phase. On combining dietary records and oestrogen measurements before and after 2 months of interventions, a negative correlation was found between dietary fibre intake and serum oestrone concentrations. However, subjects consuming wheat bran also increased their energy, carbohydrate and fat intake, and this may have influenced serum oestrogens. A different protocol was used by Goldin et al (1994) , who measured early follicular phase serum oestrogen concentrations in women on a high-fat/low-fibre diet (fat 40% of calories, fibre 12 g day-') and on a low-fat/high-fibre diet (fat 20-25% of calories, fibre 40 g day-') at constant calorie intake. From multiple regression analysis these authors concluded that an increase in fibre intake decreased serum concentration of oestradiol and oestrone sulphate but was without effect on oestrone.
The ability of dietary fibre to alter intestinal transit time depends on the type of fibre and how it has been processed. In the study by Rose et al. (1991) , no transit or defecatory data were collected, but oats and corn probably have less effect than wheat on intestinal transit (Cummings, 1993) . The fact that corn and oats bran had no effect on serum oestrogens despite their ability to bind oestrogens under experimental conditions (Shultz and Howie, 1986; Arts et al, 1991) suggests that the binding of oestrogens to bran is not an important mechanism in the reduction of serum oestrogen concentrations. The use of processed and cooked wheat bran by Rose et al (1991) and Goldin et al. (1994) complicates any comparison with the present study, in which only raw bran, a more effective laxative (Wyman et al. 1976) , was used. Despite these caveats, taken together the three studies suggest that manipulation of colonic function alters serum oestrogen levels (for example see Table 4 ).
It is likely that the effects on serum oestrogens are brought about by interference with the enterohepatic circulation. Rose et al, (1991) invoked reduction of bacterial j-glucuronidase activity and/or binding of oestrogens to explain their findings, whereas Goldin et al (1994) offered no explanation for theirs. In our study there was no change in stool ,-glucuronidase activity with any of the dietary supplements used. Ingestion of senna was, however, accompanied by a significant decrease in stool pH, and if this reflected the pH of the colonic lumen then in vivo P-glucuronidase activity might well have been reduced, leading to diminished availability of unconjugated oestrogens for reabsorption. The explanation we prefer is that, by speeding up transit, senna reduced the time available for the hydrolysis and absorption of oestrogens from the colon.
Which oestrogens are involved in the aetiology and promotion of oestrogen-dependent diseases is not known. Moreover, the biological importance of the changes in serum oestrone and oestrone sulphate observed by us remains to be proved but, if they are important, speeding up colonic transit might reduce the risk of breast cancer in Western populations whose intestinal transit time tends to be slow compared with that of rural Third World populations (Burkitt et al, 1972) .
